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(54) BRAIN FUNCTION ANALYSIS METHOD AND SYSTEM BASED ON ULTRASONIC 
DOPPLER METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a brain function 
analysis method and system based on an ultrasonic 
Doppler method by which one can observe a relation 
between a sensory stimulus (input) or a behavior 
(output) and a local brain activity (internal state) and 
dynamic time changes of their interactions. 
SOLUTION: The skull is partially removed and the 
velocity of bloodstream in tiny arteries of the brain is 
measured from the surface of the dura mater with an 
ultrasonic probe 6. Doppler sound data are turned into a 
waveform with a time-frequency analyzer, and peak 
values in all phases of the waveforms are traced. A 
plurality of results of task trials is added, percent 
changes of peak values at rest and at work are 
computed, and on the basis of data obtained, percent 
changes of bloodstream are plotted in color on a 
tomogram, and the tomogram is three-dimensionally 
reconstructed, using computer graphics software to 
obtain a functional image of the brain. 
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fc. STDWistarti7 h(r>:^mmW)MX >) *o#S^^if AL. 3&4':*:ie^Ii)MA PgB^EflS. 

Key words : experimental cerebral infarction, ischemic brain edema, re-circuration 
(ffia^ft' 8 : 1—8. 1986) 



3) cftT) ^^mm$tm 



'ey'/u-^ Wistar ^ 5 y h r f-^ t *>-C t O X', 
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2. SltOTf^gi 

(Fig. V.-rtcio^. 4 — onnmr'i^'y^<o^i^-%: 
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L, ^itJ: !?iafit{R[|>C[S]o-C^5mm (DffiH^, ^O;^ 
tS^gSctL-C^^fflEP^^J (=¥i^v^7'^-fv. 
ys'-f^rt^i^B^ft^KK) -e«aL, lfigO.2~0.3mm, 
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nm 7 h i mitnx^ 2,4,6,8, i2^rBm<DSg 
2) S5fla*7'/t' 

4 ®^-ff i L. 2,4.6 ^KMS^fCjfil«^S 




Fig. 1 A : Inserted embolus into the right internal 
carotid artery resulting in blocking blood flow 
into the middle cerebral artery (arrow). B: 
Silicon rubber cylinder with nylon thread. 



AC 




ext.CA 



int.CA 



com.CA 

Fig. 2 Schematic explanation of embolization 
and the operation procedure. 
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OF^K^i, A. pterygopalatina f^ij^ A Lfc % <0 

2p (3.3%), w^%n>immw^-®M.^w->6.nnw 

a)M-c-oA»^TH,'fc%(0 IP (1.6%), 5 
l*lil»lilK:^^*'i¥A-Ct-^£*»-3fc%«D2P (3.3%) 

»tC», 16^rafelF^»c50%, 24^[aJ;Al^90%. 32^Pa 

Wl^tc26Pil:^l)**'?Et:Lfc (Fig. 3). n&^mcii, 

^jiS:f:iiofc?)jS:ffi^i:%0-e^oit (Fig. 4). — B 

h 4pO%-^zKitt,77.62±0.05%-C 
0®Sil^♦cS^A'^AL-C^,^fc5P. f1-7SO%#7K 



I 10 

5 8-1 

u. 

O 6- 



12 16 



20 24 28 32 
SURVIVAL TIME(HRS) 



Fig. 3 Survival time of the animals received the 
operation. 
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Fig. 4 Diagramatical explanation of infarcted 
area. 



4ft, 77.73±0.11%-ei,ofc(Fig. 5). 7lciXSflmi¥t? 

^IKlEflSS^-ett78.19±0.16, 4 ^P^78.47±0.07, 6 
^rB^78.85±0.38, 8^rB^79.17±0.14, 12^K79.48± 

trLfc 6p<0%-g-*jtfi, 80.18±0.21-C-*ofc (Fig. 
5). 

7KAtm<, m^, 4f^rBiiflS2^PBi?iiia(4+2H) 
i 4 m^^i^mm (4H) * , 6 mmmm 2 ^r^sMa 



EXPERIMENTAL PERIOD (hrs) 
Fig. 5 Effect of recirculation into the infarcted 
area on water contents of the brains with embol- 
ization. 

(6+2H) 1 6 mr^Ti^^mm (6H) * * op^-cti%^* 

SOJi2nJK:*So|ICp<0.025,*'p<0.05) *lS«><b 
hfc (Fig. 5). tfc. 6 + 2H-CH. 5P=|=2K*5|IM 

— ^MSf («&#$eSf) 0%^*fl:>i. 2+2H. 
78.69±0.07; 4+2H. 78.91±0.20; 6+2H, 79.30± 
0.23T?, ^XmmA. 6. 8 ^IB]0%-^2K»i 

5. mSl^fitlWB 
^Mo^*$^*t^Sg»teSt?*%. Virchow-Robin 

mS^(om\k, mt, Vlrchow-RoblnEoSSlSH^&ib 
TS-C»t, ^O^tl«>ffi^ita«l50^RS)b^C■CV^fo: (Fig. 
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Fig. 6 Histological findings of the basal ganglia, 
involved in infarction. Note that Virchow-Robin 
spaces dilate and the brain tissue is m^kedly 
destructed. Eight hours after embolization. HE 
stain. X58 

6). AinSlif^ Olfll*i'RlfiF4>2**»«* o -C I. ^ 2> *». JKF^ 

2) wm^m 

tc (Fig. 8), ^Ojg^ 0:5*i|iI^tt-CS&iRS^^»cS. 
# SI 




Fig. 7 Small hemorrhagic foci accompany con- 
gestive capillaries and leukocytic infiltration in 
the infarcted area. Two hours recirculation foll- 
owed by embolization for 6 hours. HE stain. X 
100 




Fig. 8 Arterial changes received an embolus 
exhibit necroses of some medial smooth muscle 
cells and mild extent of medial homorrhage. The 
lumen opens sufficiently without ai>parent throm- 
bus formation. The specimen was taken from the 
same animal to Fig. 7. HE stain. X 162 

* x t— S o ^ $ <o as fF ?> & fc 
© 9 -10® A$ O STD Wistar 7^ 7 ,> Y -e it, fig 
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fcAs micorosurgery Oii#^;::#l^Jaifil^Tll^ft^l5*»a 

i^reiKi (2.5- ei^r^fcirt) ♦cjniM'SrWM^-e-ajifiitts 

^24l^r^m^ KlK|ifeti70%?Bt: L, 6 

d'rst, MJfiil^W*»3l^|iafelJ:K:2t^*i, jfli-ffSlillg 

3. mmffj^m^m-t 

^ R SI pentobarbital sodium (nembtal 40mg/ 
kg)|glSrtS-§^KiJ:2,ilSi^TRifT^i:>*tfcO-e. -to 

Ja^g fC^-t 2) ^afFffl O * S C lb ^c o -C 

T. b) laftfflofpa. c) inverse steel a*, d) free 
radical (OM^ft t'i>'*$>VfhHX\. - * 

fcii>ic, ^^'mm^<oMKnuximmmo^u 
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Abstract 

Experimental studies of ischemic brain edema 
1. A new experimental model of cerebral embolism in rats in which 
recirculation can be introduced in the ischemic area 

Jin-ichi Koizumi, M.D.*)'^), Yoji Yoshida, M.D.^), Teiji Nakazawa, M.DJ) 
and Genju Ooneda, M.D.^) 
1) First Department of Pathology, Yamanashi Medical College 
2) Department of Neurosurgery, Yamanashi Prefectural Central Hospital 
3) Institute of Geriatrics 

A new model of cerebral embolism in Wistar rats in which recirculation of the blood flow in ischemic areas can be 
introduced by means of removal of embolus in an easy way was designed. Large cerebral infarction in the territory of 
the right middle cerebral artery was induced by the embolization of a silicone rubber cylinder attached to a nylon 
surgical thread which was positioned at the segment where the right internal carotid artery branches into the middle 
cerebral artery. Recirculation in the ischemic area was performed successfully by removal of the cylcinder by simply 
pulling thread out from the artery. 

Influence of the recirculation on water contents and histological changes in the brains were investiigated. Water 
contents in the brains increased from 77.62% in controls to 79,48% in the experimental group 12 hours after em- 
bolization. Recirculation for 2 hours after the various duration of ischemia enhanced the water contents significantly as 
compared to the brains receiving embolism for the same duration without recirculation. Reflow of the blood into the 
infarcted area resulted in increased vascular permeability leading to more severe edematous spongy changes in the 
brains and extravasation of erythrocytes and granulocytes from the small vessels in the infarcted area. 
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